BACKGROUND
Underground storage tanks on the Hanford Site, that store radioactive wastes, have been identified as facilities that can emit hazardous vapors. The Type 4 (sometimes referred to as Type IV) In-Situ Vapor Sampler (ISVS) system is a portable system that is designed for in-situ sampling of the vapor space in the radioactive waste storage tanks. The ISVS uses a "sorption" tube method of collecting vapors in situ. After samples are obtained with the sorption tubes, they are transported to a laboratory for vapor extraction and analysis. The ISVS cart contains mass flow sensors, temperature sensors, and flow totalizers that provide accurate volume and temperature measurements that are needed in establishing vapor concentrations.
PURPOSE
Characterization Engineering is chartered with supporting Characterization Project Operations through provision, maintenance, and modification of tank waste sampling and other equipment.
The functional and design criteria for this equipment are varied in category, service, and application. Design Compliance Matrix (DCM) documents provide a single-source compilation of traceable, current design requirements for sampling and sampling support equipment and support the configuration management of these systems. A desk instruction for implementing the use of a DCM was issued (Boger 1999) to support all engineering design and design related activities performed on behalf of the Characterization Project.
SCOPE
This DCM document provides the base-line design requirements and the source of the requirements for the Type 4 ISVS sampling system that is used for vapor sampling in Hanford's radioactive waste tanks. Other system requirements are found in the System Design Document (Blanchard 1996a) and Engineering Task Plan (Blanchard 1996b) . These documents should be consulted when making design changes to the Type 4 ISVS system. This DCM covers only the Type 4 ISVS system.
SYSTEM DESCRIPTION
The Type 4 ISVS system includes three major assemblies: sampling cart, tube bundle, and sampling head. The ISVS cart, shown in Figure 1 , consists of an instrumentation cabinet, vacuum air pump components, a manifold, and various valves, flow meters, flow totalizers, rotameters, and filters mounted on a hand truck. A schematic of the cart's flow diagram (from drawing H-2-825313) is shown in Figure 2 . A tube bundle (14 small-diameter tubes approximately 50 ft in length) connects the cart with the sampling head and provides a separate The tube-bundle is used to lower the sampling head through a riser into a tank's vapor space. As shown in Figure 2 , the ISVS cart has 5 flow channels that can be operated simultaneously. One of these channels is reserved for the SUMMATM canister sampler. The other four channels are used with the sorption tubes and tritium-trap particulate filters in the sampling head. The cart is designed so that each flow channel can have a different flow rate. Each of the 4 channels has a mass flow meter and a flow totalizer that measures the total flow through its sorption tube. The flow rate and total accumulated flow requirements are dependent upon the type of sorption tubes andor filters in the sampling head. Flow total is needed to obtain a concentration reading for the filters and sorption tubes in the sampling head. The SUMMATM canister flow channel is purged using a stopwatch and a calibrated rotameter. The purging is completed at a specific flow rate and over a defined time to ensure that the tube is filled completely with tank gases prior to taking a SUMMATM canister sample. The gases that are pulled through the sorption tubes, filters, and SUMMAm canister tubing are "scrubbed" by filters on the cart before they are released to the atmosphere. Thermocouples on the sampling head and in the cart's gas manifold are used to measure vapor temperature.
After sampling is completed, the tube bundle with the sampling head is removed from the tank.
The sample head is disconnected from the tube bundle and the ends of the sorption and filter channels are capped. The sampling head is bagged out with protective plastic and then readied for shipment to the laboratory. The tube used with the SUMMATM canister is separated from the tube bundle and disposed of as waste. The SUMMATM tube in the tube bundle is replaced for each sampling campaign to prevent cross-contamination from the previous sampling. Since the sorption tubes are in front of their sampling tubes, there can be no cross-contamination, and the tube bundle can be reused. 
RESPONSIBILITIES
This DCM, and any portion thereof, is considered to be a baseline requirements document. Any changes to the DCM will require Safety, Quality Assurance, and Environmental approval in addition to that of the assigned Design Authority. The assigned Design Authority is responsible for proper preparation and maintenance of the DCM and exercises ownership of it on behalf of Characterization Equipment Engineering and Characterization Project Operations management.
REQUIREMENTS
The Design Compliance Matrix for the Type 4 ISVS system is shown in Table 1 . The functions and requirements identified in Table 1 , Column 2, are defined in WHC-SD-WM-SDD-068 (Blanchard 1996a) , and WHC-SD-WM-ETP-138 (DeFord 1996), and WHC-SD-WM-ETP-193 (Blanchard 1996b) . These include functional requirements and constraints that are shown as safety, environmental, performance, interface, and design code requirements in Table 1 .
FUNCTIONAL CHARACTERISTICS
The ISVS samplers are part of the tank waste sampling equipment. The equipment is moved from tank to tank to perform sampling operations and will be used year round. The gas volume withdrawn from a tank is sufficiently low that there is no impact on the tank dome space pressure or ventilation.
The ISVS sampler interfaces with a tank riser and may be powered with a portable electrical generator or plugged into a local power source.
The ISVS sampler components are exposed to the Hanford climate (FDNW 1997a), natural phenomena (FDNW 1997b) , and the tank vapor chemistry (PNNL 1999) . The ISVS sampler components must operate under these conditions, have the strength to withstand deployment loads, and be constructed of material that is compatible with the environment.
CONSTRAINTS
Constraints ensure that the ISVS equipment meets accepted safety envelopes, is in compliance with environmental regulations and pertinent design codes, and meets the operability standards considered important by the Design Authority.
SAFETY REQUIREMENTS
The safety class of the Type 4 ISVS cart is General Service. There are no safety class or safety significant items associated with this system. Operation and maintenance of the ISVS system is performed to approved procedures or work documents utilizing standard River Protection Project (RF' P) safety practices. ALARA is the system operational exposure goal. The ISVS system has been approved by DOE for collecting vapor samples from tank wastes (LMHC 1999b).
MAJOR DESIGN CODES
The design codes of particular interest to ISVS sampler design is the National Electrical Code (NFPA 1998).
INSTRUMENT CALIBRATION REQUIREMENTS
The data quality requirements for the sample analysis and data obtained utilizing the Type 4 ISVS system are specified in HNF-SD-WM-DQO-021 (LMHC 1999a).
Additional requirements may be specified in the individual tank sampling and analysis plan (TSAP). Table 8 -3, Chemical and Radiological Analytical Requirements (LMHC 1999) specifies the criteria for the various analyses to be performed. All analyses listed are required to have a precision of rt 25% with an accuracy of 70%-130%. There are no instrumentation-specific requirements for the ISVS carts stated at this time. Therefore, the instrumentation is calibrated to values based on engineering of the manufacturer's accuracy and operational requirements (Table 2 , Instrumentation Calibration Criteria).
SOLUTION TO REQUIREMENTS
For each requirement the DCM lists a system attribute that satisfies the requirement. Columns 7 and 8 in Table 1 describe the manner in which the Type 4 ISVS system fulfills the functional requirements and constraints that are found in Column 2.
VERIFICATION
Columns 9 and 10 in Table 1 provide confirmation information that is needed to confirm that the design solution adequately meets the system requirements. 
